US007931765B2
a2y United States Patent (10) Patent No.: US 7,931,765 B2
Krebs et al. 45) Date of Patent: Apr. 26, 2011
(54) METHOD AND DEVICE FOR APPLYING A (58) Field of Classification Search ................. 156/62.2.
SYNTHETIC BINDER TO AN AIRBORNE 156/73.1, 73.2, 497, 583.1; 427/560, 600,
FLOW OF FIBERS 427/212; 118/72, 300

See application file for complete search history.
(75) Inventors: Niels Krebs, Hellerup (DK); Sten

Dueholm, Hellerup (DK) (56) References Cited
(73) Assignees: Force Technology, Brondby (DK); U.S. PATENT DOCUMENTS
Wesser Og Dueholm Arkitekt-Og 5,102,690 A *  4/1992 Tyeretal. ..ocoorvvcrvrrn... 427/600
Ingeniorfirma V/Sten Dueholm, 5,582,644 A * 12/1996 Gaddisetal. ................ 118/303
Hellerup (DK) 5,827,566 A 10/1998 Epple et al.
6,079,508 A 6/2000 Caza
(*) Notice:  Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS

patent 1s extended or adjusted under 35

DE 197 40 676 3/1999
U.S.C. 154(b) by 932 days. DE 199 30 800 57000
(21)  Appl. No.: 11/661,220 (Continued)
(22) PCT Filed: Allg. 245 2005 Primary Examiner — Michael A Tolin
(74) Attorney, Agent, or Firm — Day Pitney LLP
(86) PCT No.: PCT/DK2005/000539
(37) ABSTRACT
§ 371 (c)(1). . .
(2), (4) Date:  Aug. 6, 2007 A method and a device to be used in the process of manufac-
’ ’ turing plates, such as fiberboards or the like boards, where the
: raw material in form of biomass particles, such as wood fibers
(87) PCT Pub. No.: W02006/021212 P

or the like, applied with a thermosetting binder 1s spread onto
a forming belt to form a mat, and where said mat by means of
a hot press 1s compressed into the desired thickness of the

PCT Pub. Date: Mar. 2, 2006

(65) Prior Publication Data fimshed plate and the thermosetting binder 1s hardened.
US 2008/0029198 Al Feb. 7, 2008 According to the mvention the thermosetting binder 1s
applied to the dried biomass particles 1n an airborne process,
(30) Foreign Application Priority Data where the intense and homogeneous contact of the biomass
particles and the droplets of fluent binder are facilitated by the
Allg. 27, 2004 (DK) ................................. 2004 01297 use of ultrasound generated by the use of compressed air,
water steam or another gas. Further measures to intensify the
(51) Int.Cl. contact between the biomass particles and the binder droplets
B29C 65/16 (2006.01) utilizing the dipole moment of the biomass particles, at the
b32b 21/02 (2006.01) same time preventing the binder to stick to the walls of the
BO5D 3/00 (2006.01) device, as well as measures and to control moisture content
b065 1/20 (2006.01) and temperature of the binder-loaded particles are disclosed.

(52) U.S.CL ... 156/62.2; 156/73.2; 156/497; 156/583.1;

427/560 32 Claims, 7 Drawing Sheets
201 Ultrasound
// ’
202/ L“ 203 Binder droplets
Fibre e o

202
Fibre

Binder dropiets



US 7,931,765 B2

Page 2
FOREIGN PATENT DOCUMENTS EP 1398 127 9/2002
DE 101 53 593 57003 WO WO 98/41683 9/1998
EP 1022 103 12/1999 * cited by examiner



U.S. Patent Apr. 26, 2011 Sheet 1 of 7 US 7,931,765 B2

binder

Airborne flow of
fibres

|
I
!
Application of | |
I
I
I
I

Filter mat

104

Fibreboard

Figure 1



U.S. Patent Apr. 26, 2011 Sheet 2 of 7 US 7,931,765 B2

Ultrasound

201

201 Ultrasound

Figure 2b

V/
Binder droplets /w /1

203

Gas molecules
204
under ultrasound

Figure 2d



US 7,931,765 B2

I~

&

e,

'

P

=

75 ™ _

(a8

y—

y—

—

2 \
% O

o

S T

o

=

Prior Art

U.S. Patent

of flow

Direction

311

315 316

313

314

AR
508
P 090

317

314

Figure 3b



U.S. Patent Apr. 26, 2011 Sheet 4 of 7 US 7,931,765 B2

airborne flow
of fibres

> Glue injection lance

301 ;401
M/______J_____._.
100
Figure 4
306
305a
301

304b 305b

303b

Figure 5e



U.S. Patent Apr. 26,2011 Sheet 5 of 7 US 7,931,765 B2

301
308 303 308 205

304 \\:"/

307

308

Figure 5b



U.S. Patent Apr. 26, 2011 Sheet 6 of 7 US 7,931,765 B2

306
302

304
\)C 305

303 J

3071

Figure 5c

305b

Figure 5d



U.S. Patent Apr. 26,2011 Sheet 7 of 7 US 7,931,765 B2

306 306

305a 305
305b

301

301

3043 '/ /’ 304b 404 '

3033 903D 03

Figure 5f



US 7,931,765 B2

1

METHOD AND DEVICE FOR APPLYING A
SYNTHETIC BINDER TO AN AIRBORNE
FLOW OF FIBERS

FIELD OF THE INVENTION

The invention relates to a system for applying a binder to an
airborne flow of fibres. The mvention further relates to a
method of applying a binder to an airborne tlow of fibres.

BACKGROUND OF THE INVENTION

In traditional manufacturing of fibre boards, so-called soft-
and hardboards, fibre mats to be transformed into a finished
board are formed 1n a wet process utilizing natural binding
mechanisms of wood cells to establish a binding of the fibres.
The finished boards are produced 1n a hot pressing process
from these fibre mats, fibre boards are often also referred to as
fibre panels or fibre plates or simply panels or plates.

For especially environmental reasons, this process has
been replaced by a dry process over the last 2-3 decades. In
this process, a new product called Medium Density Fibre-
board—MDF—i1s made by pressing a mat of dry fibres with a
moisture content about approximately 10%, 1.e. usually
10%=+3.

Unlike the wet process, the dry process does not allow for
utilizing the natural binding mechanisms of the wood cells.
Instead a thermosetting synthetic binder, usually a urea-form-
aldehyde or a melamine-formaldehyde condensate or a mix-
ture of both or, for special products, polyurethane or 1socy-
anate, 1s added to replace the natural binding mechanisms,
usually 1n a fluent, water-diluted form. The application of the
synthetic binder 1s typically done according to 2 basic prin-
ciples,

1) Mechanical blending employing a cylinder housing and a
rotating blending device. Fibres and binder are fed into one
end of the cylinder and the blending device mixes the com-
ponents and moves the mixture through the cylinder to allow
a continuous process. This method, which was adopted from
particleboard manufacturing, has one disadvantage: The mix-
ing 1s not suificiently homogeneous, whereby fibre lumps
with a high percentage of binder produced fimished panels
having hard and dark *“‘glue spots”.

2) An airborne method called the blow-line method (which
replaced mechanical blending), containing the following pro-
cess steps:

Wood chips are milled into fibres in a so-called disc refiner
and exit the refiner periphery through a tube called the blow-
line at a velocity in the range of 100-300 m/sec. Within the
blow-line an aqueous solution of the binder 1s added at high
pressure. Combined with the high speed flow of fibres and
steam, the binder infeed functions as a two-phase nozzle.

The mixing of the rather large wet fibre lumps (~100%
moisture content) and the binder 1s not very intense 1n this
stage of the process but as the fibre and resin mixture 1s led
into a tlash dryer tube (cross section typically 200 times larger
than the blow-line), the fibre lumps are eddied apart by tur-
bulence. During the transport through the flash dryer at low
speed (10-30 m/sec.) an mtense mixing of fibres and binder
takes place. In addition to the mixing, drying the fibre-binder
mixture to a moisture content about approximately 10%, 1.¢.
usually 10%=3, of dry matter i1s obtained.

The blow-line method has the advantage over the tradi-
tional blender mixing that it produces less glue spots in the
final product. However, 1t has some serious drawbacks:

When an aqueous solution of binder 1s applied to the wet

fibre, a large proportion of the resin 1s absorbed by the
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fibre during the subsequent drying process. Conse-
quently, this part of the resin 1s not usetul 1n establishing
a proper bonding between the fibres during the later hot
pressing process, 1.¢. more binder 1s needed.

Travelling through the dryer tube with an 1nitial tempera-
ture 1n the range of 180-200° C. and a final temperature
in the range of 60-80° C., the binder has partly been
cured and lost at least some of 1ts binding eflect, 1.e.
more binder 1s needed.

To counteract this effect, slow-curing binders are used.
However, as a consequence, longer press times 1n the hot
press are needed 1n order to activate the binder.

Blow-line application of the binder 1s a costly compromise,
dictated mainly by requirements to the surface quality of the
fimshed product. Consequently, less disadvantageous meth-
ods of binder application have been sought after.

One approach 1s a reconsideration of the traditional blender
method from the 1970s.

More advantageous approaches are based on the 1dea of
applying the binder 1n an airborne process aiter the dryer,
S1NCE:

Applying the binder to the dry fibres prevents pre-curing of

the binder during the process, 1.¢. less binder 1s needed.

Applying the binder to the dry fibres provides less absorp-
tion of binder 1nto the fibre surface, 1.e. a better bonding
efficiency of the binder droplets and less binder needed
to achieve a specific bonding quality.

Further, this effect can be enhanced by regulating the dry
content of the binder solution, which has no effect in the
blow-line process.

As pre-curing of the binder does not limit the temperature
in the flash dryer tube, the fibre drying can be made at much
higher temperatures, ¢.g. annlet temperature of up to 400° C.
or higher as used in the particle board industry. As a result, an
increased capacity and a more efficiently controlled drying
process can be obtained.

Drying the fibre-binder mixture in the blow-line process
causes substantial emission of formaldehyde from the syn-
thetic binder, usually a urea-formaldehyde condensate.
Costly measures to solve this problem are not needed 1if the
binder 1s applied to the dry fibres.

The problems to be overcome when applying the binder at
this stage of the process, however, are very substantial.

Due the chemical composition of lignocellulosis biomass
fibres and the dipole moments in relation hereto, the fibres
tend to agglomerate to lumps, especially when dry.

To achieve a homogeneous distribution of the binder drop-
lets 1n a device used 1n the process after the dryer, these fibre
lumps are to be separated into single fibres.

At the same time, the binder preferably has to be atomised
into droplets of a proper size in relation to the size of the fibres
and they have to be brought into contact with the fibres to
ensure a homogeneous distribution on the fibre surfaces.

Besides, the binder droplets preferably have to have a spe-
cific viscosity to adhere sufficiently to the fibre surfaces with-
out becoming fully absorbed, and they must be prevented
from sticking to the walls of the device.

Unlike the blow-line application of binder, the dry appli-
cation of binder after the flash dryer does not offer the oppor-
tunity of homogenizing the mixture during the long travel
through the dryer.

Therefore all the above mentioned conditions are to be
satisfied within little time and space.

Various attempts have been made to overcome the difficul-
ties of meeting these requirements.

Patent specification DE 101 53 593.7 pays attention to the
above mentioned problems of establishing a homogenous
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airborne flow of fibres 1n a so-called transportation tube at a
high air velocity (>20 m/sec.). From this tube, the fibre flow 1s
fed by a nozzle 1nto the bottom section of a vertical tower of
much larger diameter. The fibre lumps are separated by the
turbulence 1n the area around the nozzle, and the slow, upward
air flow ensures that agglomerated fibre lumps sink to the
bottom of the tower.

Binder 1s sprayed upwards the fibre tlow at various posi-
tions over the height of the tower, and the contact between
fibres and binder droplets 1s facilitated by grounding the
binder supply and by using special materials 1 the tubes to
establish an electrostatic load on the fibres by friction.

An equipment according to this method has been estab-
lished and 1s supposed to function satistyingly. The problems
in relation to fibres and binder sticking to the walls of the
equipment are apparently not solved. However, patent speci-
fication EP 1398 127 A1l describes a procedure for periodical
cleaning of the walls of the tube.

Establishing a zone of turbulence to separate the fibre
lumps 1nto single fibres 1s the vital part of other patent appli-
cations, too.

Patent specification DE 199 30 800 describes a binder
application device to be installed at the outlet of a flash dryer
tube. The diameter of the cylindrical binder application
device 1s much larger than the flash dryer tube, whereby
turbulence at the inlet of the device 1s expected to separate the
fibre lumps. This effect 1s supported by the compressed air
used to spray the aqueous solution of binder at the 1nlet of the
device.

Special attention 1s led to the problem about binder and
fibres sticking to the walls of the device. This problem 1s dealt
with by means of compressed air led through a large number
of orifices in the walls of the device, creating a protective
mantle of air turbulence along the walls of the device.

A similar solution of the problem of binder and fibres
sticking to the walls of a tubular device when applying an
aqueous binder solution to the dry fibres has been used 1n
patent specification EP 102 21 03, employing a double-wall
cylinder construction to guide an air stream through a multi-
tude of drillings in the inner wall to create a protection mantle
of air and thus to prevent fibres and binder to adhere to the
wall. However, 1n terms of achieving a homogeneous mixture
of single fibres and binder droplets no non-prior art informa-
tion 1s disclosed.

Handling of fibre flow 1n order to create a tflow of single
fibres 1s also a central part of patent specification U.S. Pat. No.
5,827,566. Turbulence to separate the fibre lumps into single
fibres 1s achieved by inserting a device containing a tube
section with a reduced cross section (a Ventur1 nozzle) to
accelerate the flow followed by a bulge with a large diameter
(a diffuser), where by means of turbulence the fibre lumps are
separated and an aqueous solution of binder 1s sprayed into
the fibre flow.

The proposal of cooling the walls 1n the diffuser to prevent
binder and fibres to stick to the wall 1s a traditional technique
used 1n mechanical blenders in the particle board industry and
thus prior art. This also applies to the proposal of heating the
binder solution e.g. to a temperature of 60° C. to ensure low
viscosity and good spraying properties with a low percentage
ol water.

While all patents and patent applications quoted above are
based on an airborne transportation of fibres mto the binder
application device, patent specification DE 197 40 676
employs a cylindrical tower, into which the fibres are fed
mechanically into an upper end of the tower and move down-
wards through the tower only by gravity at low speed, while a
binder solution 1s sprayed onto the fibres. Remaining fibre
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agglomerates are preferably separated mechanically, using a
disc refiner set to a distance between the discs to only 1nflu-
ence the fibre lumps by turbulence.

In previous patents and patent applications, methods are
disclosed to handle important questions in relation to apply-
ing the binder solution on to fibres after drying, 1.e. how do we
separate the fibre lumps 1nto single fibres ?, how do we ensure
that binder droplets of the optimal size are brought 1nto close
contact with the fibres ?, and how do we prevent the mixture
to stick to the walls of the device ?

Equipment using turbulent air flow to rip the fibre lumps
apart are predominant in known methods.

In the following, a novel method based on a different
kinetic technique and an equipment to handle the fibres and
binder droplets will be disclosed.

OBJECT AND SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a system
(and corresponding method) for applying a binder to an air-
borne flow of fibres, that solves (among other things) the
above-mentioned shortcomings of prior art.

It 1s a further object to provide a method and system
enabling efficient separation of fibres 1n an airtlow.

Another object 1s to enable a more umiform and effective
distribution of binder to fibres 1n an airtlow.

Yet another object 1s to enable a more effective drying of
fibers.

An additional object of the present invention 1s to improve
the probability of collision between fibres and binder droplets
1in an air stream.

These objects (among others) are solved by a system for
applying a binder to an airborne tflow of fibres, the system
comprising: means for applying a binder solution comprising
binder droplets to an airborne flow of fibres, wherein that said
system further comprises at least one ultrasound device
adapted, during use, to apply ultrasound to the airborne tlow
of fibres before the binder solution 1s applied whereby fibre
lumps, 11 any, 1n the airborne tlow of fibres are separated, or
substantially at the same time that the binder solution 1s
applied whereby fibre lumps, 11 any, in the airborne flow of
fibres are separated and binder droplets are reduced to a
smaller size.

[ike the known methods, the invention 1s based on the
application of shear forces to split the fibre lumps and binder
droplets. However, according to the present invention, the
shear forces are not produced by means of turbulent air tlow,
but by means of ultrasonic waves created by means of a
special device driven by a pressurized gas such as atmo-
spheric atr, steam or other gases.

In this way, an effective separation of the fibre lumps nto
single fibres, an effective generation of binder droplets of an
optimal size, and an effective contact between binder droplets
and fibres 1s obtained, since the generated high intensive
ultrasound 1n a gas leads to very high velocities and displace-
ments of the gas molecules, which 1n a very ellicient way
separate fibre lumps into single fibres. As mentioned, a
homogenous flow of fibres with no or little lumps enable a
more elficient usage of the applied binder, and further 1t the
ultrasound 1s applied to the area where binder 1s sprayed into
the fibre flow the binder droplets are also reduced to a smaller
s1ze due to the high intensity of the ultrasound. The smaller
s1ze ol the droplets enables a very effective distribution of the
binder droplets and an effective establishing of contact
between binder droplets and fibres reducing the required
amount of binder even further.
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Additionally, an effective optional cooling or heating of
fibres and binder droplets and an effective optional drying or
humidifying of the fibres and binder droplets 1s obtained.

High intensive sound or ultrasound 1n gases leads to very
high velocities and displacements of the gas molecules. I.¢.
160 dB corresponds to a particle velocity of 4.5 m/s and a
displacement of 33 um at 22.000 Hz. In other words, the
kinetic energy of the molecules has been increased signifi-
cantly.

The large displacements and high kinetic energy of the gas
molecules applied to a tlow of fibre lumps and binder droplets
are responsible for the benefits concerning the separation of
fiber lumps and generation of efficiently atomized binder
droplets.

In one embodiment, the system further comprises the dryer
where the dryer 1s adapted to receive an airborne tlow of wet
fibres, and to dry fibres of the airborne tlow of fibres to a
moisture content of 1-20% or preferably 1-10%, where the
airborne flow of fibres 1s recerved from the dryer.

In one embodiment, the system further comprises a form-
ing station adapted to recerve an airborne flow of fibers and
binder droplets after application of ultrasound by said at least
one ultrasound device and to produce a fiber mat from said
airborne flow of fibers and binder droplets, and a hot press
adapted to recerve a fiber mat from said forming station and to
produce a fibreboard, such as a medium density fibreboard
(MDF) or the like, from said fiber mat.

In one embodiment, the binder solution 1s an aqueous
solution and 1n that said fibres are lignocellulosic fibres, such
as wood fibres or the like.

In one embodiment, the ultrasound device comprises: an
outer part and an mner part defining a passage, an opening,
and a cavity provided in the inner part, where the ultrasound
device 1s adapted to receive a pressurized gas and pass the
pressurized gas to said opening, from which the pressurized
gas 1s discharged in a jet towards the cavity.

In one embodiment, the pressurized gas 1s 1n a first step
cooled to a low temperature, preferably below 3° C., and
dried, and 1n a second step heated up to a temperature below
100° C., preferably 50-70° C. thereby drying the surface of
the fibres and the binder droplets on the fibre surface.

In one embodiment, steam 1s used as a part of the pressur-
1zed gas to drive the ultrasonic device and to add moisture and
heat to the fibres as further a means to control the total mois-
ture content and temperature of the fibre furnish.

In one embodiment, an equal electrostatic potential
(++ or ++) 1s applied to both the means for applying a binder
solution and to walls of said system, 1n which the binder 1s
applied to the fibres.

In one embodiment, a plurality of ultrasonic devices are
installed as one or several rings along walls of a duct, where
the duct 1s where the binder solution 1s applied to the airborne
flow of fibres.

In one embodiment, the ultrasonic device(s) and the means
for applying a binder solution are used 1n combination with a
section of a duct shaped as a ventur1 nozzle, where the duct 1s
where the binder solution 1s applied to the airborne flow of
fibres.

In one embodiment, the means for applying a binder solu-
tion comprises at least one spray nozzle lances and 1n that the
at least one ultrasonic device are integrated with the at least
one spray nozzle.

In one embodiment, the at least one ultrasound device and
the means for applying a binder solution are directed 1n the
same direction as the transport air flow.

In one embodiment, the binder 1s applied 1n a place 1n a
vertically or approximately vertically oriented body of angu-
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lar or tubular or conical shape, where the transport of the
fibres take place mainly by gravity, and where the at least one

ultrasound device or at least a part of the at least one ultra-
sound device are oriented 1n an upward angle to meet the
fibres falling from a top inlet of fibres to a fibre outlet at the
bottom of the device.

In one embodiment, a number of the ultrasound devices are
oriented 1n an angle to the length axis of the system (1.e. the
ultrasound devices are ‘tilted”) and the main transport direc-
tion as to create a spiral-shaped flow of the fibres.

According to another aspect, the dryer comprises one or
more ultrasound generators. In this way, a more elfficient
drying of the fibres 1s obtained, which result 1n a significant
reduction in power consumption of the dryer. The reason 1s
that the ultrasound minimizes or eliminates the laminar sub-
layer, as described elsewhere, where the absence of the sub-
layer enables a much enhanced heat and moisture exchange.
This aspect may be utilized 1n connection with the use of
ultrasound to separate fibers and/or reduce the size of the
binder droplets or alone.

The present invention also relates to a method of applying,
a binder to an airborne flow of fibres, the method comprising
the step of: applying a binder solution comprising binder
droplets to an airborne flow of fibres recerved from a drver,
wherein that said method further comprises the step of: apply-
ing ultrasound, during use, by at least one ultrasound device
to the airborne flow of fibres before the binder solution 1s
applied whereby fibre lumps, 11 any, in the airborne tlow of
fibres are separated, or substantially at the same time that the
binder solution 1s applied whereby fibre lumps, if any, 1n the
airborne flow of fibres are separated and binder droplets are
reduced to a smaller size.

The method and embodiments thereof correspond to the
device and embodiments thereof and have the same advan-
tages for the same reasons.

Advantageous embodiments of the method according to
the present invention are defined in the sub-claims and
described 1n detail in the following.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent
from and elucidated with reference to the 1llustrative embodi-
ments shown in the drawings, 1n which:

FIG. 1 schematically illustrates a block diagram of one
embodiment of a system/method of the present invention;

FIGS. 2a-2d schematically illustrate efiects ol applying
high intensive ultrasound to the flow of fibre lumps and binder
droplets;

FIG. 3a schematically illustrates a (turbulent) tlow over a
surface of an object according to prior art, 1.e. when no ultra-
sound 1s applied;

FIG. 3b schematically shows a tlow over a surface of an
object according to the present invention, where the effect of
applying high intensity sound or ultrasound to/in air/gas sur-
rounding or contacting a surface of an object 1s 1llustrated;

FIG. 4 schematically illustrates a part of the system where
ultrasound 1s applied according to one embodiment of the
present invention;

FIG. 5a schematically 1llustrates a preferred embodiment
of a device for generating high intensity sound or ultrasound.

FIG. 5356 shows an embodiment of an ultrasound device 1n
form of a disc-shaped disc jet;

FIG. 5¢ 1s a sectional view along the diameter of the ultra-
sound device (301) in FIG. 35 illustrating the shape of the
opening (302), the gas passage (303) and the cavity (304)
more clearly;
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FIG. 5d illustrates an alternative embodiment of a ultra-
sound device, which 1s shaped as an elongated body;

FIG. 5e shows an ultrasound device of the same type as in
FIG. 3d but shaped as a closed curve;

FIG. 5/ shows an ultrasound device of the same type as in
FIG. 3d but shaped as an open curve.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 schematically illustrates a block diagram of one
embodiment of a system/method of the present mvention.
Illustrated 1s a dry fibreboard production line, 1.€. a process of
manufacturing plates such as Medium Density Fibreboards
(MDF) or the like, where a synthetic binder 1s applied to
lignocellulosic particles such as wood fibres or the like.

The process involves an airborne flow of fibres that 1s fed
into a dryer (101) that dries the fibres to a moisture content of
1-20% or preferably 1-10% of dry matter. Such dryers are
well known 1n the art.

After the fibers 1n the airtflow have been dried they are to be
applied with a suitable binder. The (synthetic) binder is
applied by means for applying a binder solution (102), pret-
erably, but not exclusively, as an aqueous solution onto the
lignocellulosic fibres 1n the airborne tlow. After the fibres
have been dried, the fibre flow usually consists of agglomer-
ated fibre lumps, which as explained above 1s not desirable.

Alternatively, a process of producing fibreboards may
comprise a conventional mechanical blender instead of an
airborne process. In such a system, a more efficient mixing 1s
obtained if one or more ultrasound devices are used 1n the
mechanical blender.

According to the present invention, ultrasound 1s applied to
the fibres by a suitable ultrasound generator (301) at substan-
tially the same time as or before the application of binder to
the fibre tlow. In this way, the agglomerated fibre lumps are
transformed into a homogeneous tlow of single fibres using,
ultrasound from one or more ultrasound devices driven by
pressurized air, steam or another pressurized gas. Many types
of ultrasound generators are suitable for this and one pre-
terred well known ultrasound generator 1s explained in con-
nection with FIGS. 5a-5f. See also FIG. 4 for one preferred
setup and alternatives of ultrasound devices 1n this context
according to the present invention.

The generated high intensive ultrasound 1n a gas leads to
very high velocities and displacements of the gas molecules,
which 1n a very efficient way separate fibre lumps into single
fibres. As mentioned, a homogenous flow of fibres with no or
little lumps enable a more efficient usage of the applied
binder.

Further 11 the ultrasound 1s applied to the area where binder
1s sprayed into the fibre flow the binder droplets are also
reduced to a smaller size due to the high intensity of the
ultrasound. The smaller size of the droplets enables a very
clfective distribution and establishing of contact between
binder droplets and fibres reducing the required amount of
binder even further. See FIGS. 2a-2d and the related descrip-
tion for a more detailed description of this.

The aqueous binder solution 1s preferably sprayed into the
airborne flow of fibres (102) by conventional means such as
airless techniques.

The resulting mix of fibers and binder droplets 1s then fed
to a forming station (103), which produces a fibre mat that
finally 1s fed into a hot press (104) producing a fibre board.
Such forming stations (103) and hot presses (104) are readily
known 1n the art.

10

20

25

30

35

40

45

50

55

60

65

8

The application of ultrasound also provides effective
optional cooling or heating of fibres and binder droplets and
cifective optional drying or humiditying of the fibres and
binder droplets, since the application of ultrasound to the
droplets and the fibers reduces a laminar sub-layer, as will be
explained 1n connection with FIGS. 3q and 35.

According to another aspect, the dryer (101) can also com-
prise one or more ultrasound generators (301). In this way, a
more efficient drying of the fibres 1s obtained, which result in
a significant reduction in power consumption of the dryer.
The reason 1s that the ultrasound minimizes or eliminates the
laminar sub-layer, as described elsewhere, where the absence
of the sub-layer enables a much enhanced heat exchange. This
aspect may be utilized 1n connection with the use of ultra-
sound to separate fibres and/or reduce the size of the binder
droplets or alone.

FIGS. 2a-2d schematically 1llustrates effects of applying
high intensive ultrasound to the flow of fibre lumps and binder
droplets.

In FI1G. 2a ultrasound (201) 1s applied to the fibres (202) by
a suitable ultrasound generator (not shown; see e.g. FIGS. 4,
5a-5f). The ultrasound i1s carried by the gas and therefore
giving the gas-molecules a very high kinetic energy. The
distance between gas-molecules moving 1n one direction and
having the maximal velocity and gas-molecules moving the
opposite direction 1s given by half the wavelength of the
ultrasound. The resulting etlect 1s a very efficient separation
of the fibre lumps 1nto single fibres.

In FIG. 26 ultrasound (201) 1s applied to the large/normal
s1zed binder droplets (203) e.g. from a spraying nozzle (not
shown; see e.g. FIG. 4) where the movement of the gas-

molecules tears the droplets into smaller and finely distrib-

uted droplets (203). At 22 kHz, 160 dB the maximum dis-
placement ol the gas-molecules will be 33 um, see 204 1n FIG.
2d.

In FIGS. 2¢ and 2d the single fibres (202), typically having,
a diameter 1n the range of 20-50 um, and the finely distributed
binder droplets (203), both oscillating with a frequency of 22
kHz for the above situation due to the application of ultra-
sound, are brought into close contact at high velocity to facili-
tate the contact.

Establishing the contact between fibres (202) and binder
droplets (203) as well as the exchange of energy and moisture
between the particles and the atmosphere 1s governed by the
conditions as summarized below.

For nearly all practically occurring gas flows, the flow
regime will be turbulent in the entirety of the flow volume,
except for a layer covering all surfaces wherein the flow
regime 1s laminar (see e.g. 313 in FIG. 3q). This layer 1s often
called the laminar sub layer. The thickness of this layer is a
decreasing function of the Reynolds number of the flow, 1.¢. at
high flow velocities, the thickness of the laminar sub layer
will decrease.

Heat transport across the laminar sub layer will be by
conduction or radiation, due to the nature of laminar flow.

Mass transport across the laminar sub layer will be solely
by diffusion.

Decreasing the thickness of the laminar layer will typically
enhance heat and mass transport significantly.

This will be the case when high-intensive sound, prefer-
ably ultrasound 1s applied to the surface. The high-intensity
ultrasound increases the interaction between the gas mol-
ecules and the surface and thus the heat transter by passive or
active convection at the surface.

Reducing/mimimizing the laminar sub-layer provides
increased heat transter efficiency due to reduction of laminar
sub layer and increased diffusion speed. Additionally, reduc-
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ing/minimizing the laminar sub-layer improves the probabil-
ity of collision between fibres (202) and binder droplets
(203).

To activate the ultrasonic device, a pressurized gas like
atmospheric air with a pressure of about 4 atmospheres 1s
used.

Apart from driving the ultrasonic device, pressurized air
has a drying capacity that preferably is utilized in the binder
application device.

Cooling the pressurized air to a dew pomntof e.g. 3° C. and
subsequently heating the dried air to e.g. 60° C., onem” of air
can absorb about 123 g of water.

The drying capacity of the dry air released from the ultra-
sonic device 1s not 1n the same scale of energy as 1n the flash
dryer, but applied to the fibre-binder mixture i1t will have a
drying etlect on the surface of the binder droplets on the fibre
surtace and thus reduce the tackiness of the surface of the
binder loaded fibres and their ability to stick to the walls of the
device. The intensity of drying the surface of fibres and binder
droplets 1s enhanced by the sub-layer reducing effect of the
ultrasound.

The drying capacity at this stage can be regulated by means
of setting the dew point temperature 1n the pressurized air
supply.

If needed, further measures preventing binder and fibres to
stick to the walls of the device can be made by known con-
ventional means such as cooling the walls of the device to a
temperature below the dew point temperature 1n the device or
by a state of the art method of heating the binder solution to a
temperature of preferably 50-70° C. 1n order to reduce the
water content of the binder solution and, at the same time,
maintaining a suiliciently low viscosity in relation to the
spraying equipment.

In some situations, if higher moisture content and tempera-
ture 1n the fibre furnish 1s needed, a part of the ultrasonic
device can be driven by steam.

In this way, control of fibre and binder distribution as well
as moisture and temperature of the fibre furnish is easily
obtainable.

FIG. 3a schematically illustrates a (turbulent) flow over a
surface of an object according to prior art, 1.e. when no ultra-
sound 1s applied. Shown 1s a surface (314) of an object with a
gas (500) surrounding or contacting the surface (314). As
mentioned, thermal energy can be transported through gas by
conduction and also by the movement of the gas from one
region to another. This process of heat transier associated
with gas movement 1s called convection. When the gas
motion 1s caused only by buoyancy forces set up by tempera-
ture diflerences, the process 1s normally referred to as natural
or {ree convection; but 1f the gas motion 1s caused by some
other mechanism, such as a fan or the like, 1t 1s called forced
convection. With a condition of forced convection there will
be a laminar boundary layer (311) near to the surface (314).
The thickness of this layer 1s a decreasing function of the
Reynolds number of the flow, so that at high flow velocities,
the thickness of the laminar boundary layer (311) will
decrease. When the flow becomes turbulent the layer are
divided into a turbulent boundary layer (312) and a laminar
sub-layer (313). For nearly all practically occurring gas tlows,
the flow regime will be turbulent 1n the entirety of the stream-
ing volume, except for the laminar sub-layer (313) covering
the surface (314) wherein the flow regime 1s laminar. Consid-
ering a gas molecule or a particle (315) 1n the laminar sub-
layer (313), the velocity (316) will be substantially parallel to
the surface (314) and equal to the velocity of the laminar
sub-layer (313). Heat transport across the laminar sub-layer
will be by conduction or radiation, due to the nature of lami-
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nar flow. Mass transport across the laminar sub-layer will be
solely by diffusion. The presence of the laminar sub-layer
(313) does not provide optimal or eflicient heat transier or
increased mass transport. Any mass transport across the sub-
layer has to be by diffusion, and therefore often be the final
limiting factor 1n an overall mass transport. This limits the
interaction between binder droplets and fibres when binder
droplets are dispersed 1n the gas and the object 1s a fibre.
Further, the droplets are generally of a greater size and not as
finely distributed.

FIG. 3b schematically shows a tlow over a surface of an
object according to the present invention, where the effect of
applying high intensity sound or ultrasound to/in air/gas
(500) surrounding or contacting a surface of an object 1s
illustrated. More specifically, FIG. 35 illustrates the condi-
tions when a surface (314) of a fibre 1s applied with high
intensity sound or ultrasound. Again consider a gas molecule/
particle (315) 1n the laminar layer; the velocity (316) will be
substantially parallel to the surface (314) and equal to the
velocity of the laminar layer prior applying ultrasound. In the
direction of the emitted sound field to the surface (314) 1n
FIG. 3b, the oscillating velocity of the molecule (315) has
been increased significantly as indicated by arrows (317). As
an example, a maximum velocity of v=4.5 m/sec and a dis-
placement of +/-32 um will be achieved where the ultrasound
frequency 1=22 kHz and the sound intensity=160 dB. The
corresponding (vertical) displacement 1n FIG. 35 1s substan-
tially O since the molecule follows the laminar air stream
along the surface. In result, the ultrasound will establish a
forced heat flow from the surface to surrounding gas/air (500)
by increasing the conduction by minimizing the laminar sub-
layer. The sound intensity 1s 1n one embodiment 100 dB or
larger. In another embodiment, the sound intensity 1s 140 dB
or larger. Preferably, the sound intensity 1s selected from the
range of approximately 140-160 dB. The sound intensity may
be above 160 dB.

The mimmization of the sub-laminar layer has the effect
that the mass transport between the surface of the fibre and the
gas containing binder droplets 1s enhanced whereby a greater
interaction between binder droplets and fibres 1s obtained.

FIG. 4 schematically illustrates a part of the system where
ultrasound 1s applied according to one embodiment of the
present invention. Shown 1s a duct (100) with an airborne flow
of fibres (103). The duct (100) can e.g. be an extension or the
final part of the flash dryer (see e.g. 101 1n FIG. 1) of a dry
fibreboard production line, or 1t can be a separate duct 1n
which the fibres are transported by air with a velocity in the
range of 1-40 m/sec. or 1-30 m/sec. In a preferred embodi-
ment the fibres are transported by air with a velocity in the
range of 5-20 m/sec.

Within the duct (100), a number of ultrasonic devices (301)
are 1nstalled preterably but not exclusively as one or several
rings along the walls of the duct.

The ultrasonic devices (301) can be used 1n combination
with binder applying spray nozzle lances (401) to split the
binder droplets into smaller particles, as shown 1n FIG. 15, to
intensily the contact between fibres and binder droplets using
the pressurized gas as a medium, as explained earlier.

Depending on the characteristics of the fibre flow and the
fibre lumps and depending on the properties of the binder to
be applied to the fibres, the ultrasonic devices (301) and the
combined ultrasonic devices and spray nozzles (301;401) can
be organized in one single ring or alternatively a number of
rings along the length of the duct.

In a preferred embodiment, the duct 1s shaped as a venturi
nozzle thereby supporting the turbulent tlow in the zone of
ultrasound and binder application.
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In the shown embodiment the airborne fibre flow and the
pressurized gas which 1s released by the ultrasonic devices are
running in the same direction.

The process can as well take place 1n a vertically or approx.
vertically oniented body 1n which the fibres are transported
downwards mainly by gravity whereas the ultrasonic devices
(301) and the binder applying nozzles (401), or at least a part
of these devices are oriented 1n an upward angle to meet the
fibres falling from the top inlet of fibres to the fibre outlet at
the bottom of the body.

FIG. 5a schematically 1llustrates a preferred embodiment
of a device (301) for generating high intensity sound or ultra-
sound. Pressurized gas 1s passed from a tube or chamber (309)
through a passage (303) defined by the outer part (305) and
the inner part (306) to an opeming (302), from which the gas
1s discharged 1n a jet towards a cavity (304) provided 1n the
iner part (306). If the gas pressure 1s suiliciently high then
oscillations are generated 1n the gas fed to the cavity (304) at
a frequency defined by the dimensions of the cavity (304) and
the opening (302). An ultrasound device of the type shown in
FIG. 5a 1s able to generate ultrasonic acoustic pressure of up
to 160 dB.,; at a gas pressure of about 4 atmospheres. The
ultrasound device may e.g. be made from brass, aluminum or
stainless steel or 1n any other sufficiently hard material to
withstand the acoustic pressure and temperature to which the
device 1s subjected during use. The method of operation 1s
also shown 1n FIG. 34, 1n which the generated ultrasound 307
1s directed towards the surface 308 of the fibres and binder
droplets.

Please note, that the pressurized gas can be different than
the gas that contacts or surrounds the object.

FIG. 56 shows an embodiment of an ultrasound device in
form of a disc-shaped jet. Shown 1s a preferred embodiment
of an ultrasound device (301), 1.e. a so-called disc jet. The
device (301) comprises an annular outer part (305) and a
cylindrical inner part (306), 1n which an annular cavity (304)
1s recessed. Through an annular gas passage (303) gases may
be diffused to the annular opening (302) from which it may be
conveyed to the cavity (304). The outer part (305) may be
adjustable in relation to the inner part (306), e.g. by providing
a thread or another adjusting device (not shown) 1n the bottom
of the outer part (303), which further may comprise fastening
means (not shown) for locking the outer part (303) 1n relation
to the inner part (306), when the desired interval there
between has been obtained. Such an ultrasound device may
generate a frequency of about 22 kHz at a gas pressure of 4
atmospheres. The molecules of the gas are thus able to
migrate up to 36 um about 22,000 times per second at a
maximum velocity of 4.5 m/s. These values are merely
included to give an 1dea of the size and proportions of the
ultrasound device and by no means limit of the shown
embodiment.

FIG. 5¢ 1s a sectional view along the diameter of the ultra-
sound device (301) in FIG. 556 illustrating the shape of the
opening (302), the gas passage (303) and the cavity (304)
more clearly. It 1s further apparent that the opening (302) 1s
annular. The gas passage (303) and the opening (302) are
defined by the substantially annular outer part (305) and the
cylindrical 1mner part (306) arranged therein. The gas jet
discharged from the opening (302) hits the substantially cir-
cumierential cavity (304) formed 1n the mner part (306), and
then exits the ultrasound device (301). As previously men-
tioned the outer part (305) defines the exterior of the gas
passage (303) and is further bevelled at an angle of about 30°
along the outer surface of 1ts mnner circumierence forming the
opening of the ultrasound device, wherefrom the gas jet may
expand when diffused. Jointly with a corresponding bevelling
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of about 60° on the inner surface of the inner circumierence,
the above bevelling forms an acute-angled circumierential
edge defining the opening (302) externally. The 1ner part
(306) has a bevelling of about 45° 1n 1ts outer circumierence
facing the opening and internally defining the opening (302).
The outer part (305) may be adjusted 1n relation to the mner
part (306), whereby the pressure of the gas jet hitting the
cavity (304) may be adjusted. The top of the inner part (306),
in which the cavity (304) 1s recessed, 1s also bevelled at an
angle ol about 45° to allow the oscillating gas jet to expand at
the opening of the ultrasound device.

FIG. 54 illustrates an alternative embodiment of a ultra-
sound device, which 1s shaped as an elongated body. Shown 1s
an ultrasound device comprising an elongated substantially
rail-shaped body (301), where the body 1s functionally
equivalent with the embodiments shown 1n FIGS. 54 and 55,
respectively. In this embodiment the outer part comprises two
separate rail-shaped portions (303a) and (3035), which
jointly with the rail-shaped inner part (306 ) form a ultrasound
device (301). Two gas passages (303a) and (3035) are pro-
vided between the two portions (305a) and (3055) of the outer
part (305) and the inner part (306). Each of said gas passages
has an opening (302a), (302b), respectively, conveying emit-
ted gas from the gas passages (303a) and (3035) to two
cavities (304a), (304H) provided 1n the 1nner part (306). One
advantage of this embodiment 1s that a rail-shaped body 1s
able to coat a far larger surface area than a circular body.
Another advantage of this embodiment 1s that the ultrasound
device may be made 1n an extruding process, whereby the cost
of materials 1s reduced.

FIG. Se shows an ultrasound device of the same type as 1n
FIG. 5d but shaped as a closed curve. The embodiment of the
gas device shown in FIG. 54 does not have to be rectilinear.
FIG. 5e shows a rail-shaped body (301) shaped as three cir-
cular, separate rings. The outer ring defines an outermost part
(30354), the middle ring defines the inner part (306) and the
inner ring defines an inermost outer part (3055). The three
parts of the ultrasound device jointly form a cross section as
shown 1n the embodiment 1n FIG. 5d, wherein two cavities
(3044a) and (304b) are provided 1n the inner part, an wherein
the space between the outermost outer part (305a) and the
iner part (306) defines an outer gas passage (303a) and an
outer opening (302a), respectively, and the space between the
inner part (306) and the innermost outer part (3055) defines an
iner gas passage (3045) and an inner opening (3025), respec-
tively. This embodiment of an ultrasound device 1s able to
coat a very large area at a time and thus treat the surface of
large objects.

FIG. 5f shows an ultrasound device of the same type as 1n
FIG. 5d but shaped as an open curve. As shown 1t 15 also
possible to form an ultrasound device of this type as an open
curve. In this embodiment the functional parts correspond to
those shown 1n FIG. 34 and other details appear from this
portion of the description for which reason reference 1s made
thereto. Likewise 1t 1s also possible to form an ultrasound
device with only one opening as described in FIG. 55. An
ultrasound device shaped as an open curve 1s applicable
where the surfaces of the treated object have unusually
shapes. A system 1s envisaged in which a plurality of ultra-
sound devices shaped as different open curves are arranged 1n
an apparatus according to the mnvention.

In the claims, any reference signs placed between paren-
theses shall not be constructed as limiting the claim. The word
“comprising” does not exclude the presence of elements or
steps other than those listed 1in a claim. The word “a” or “an”
preceding an element does not exclude the presence of a
plurality of such elements.
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The mvention claimed 1s:
1. A system for applying a binder to an airborne tlow of
fibres, the system comprising;:
means (102; 401) for applying a binder solution compris-
ing binder droplets (203) to an airborne flow of fibres
(202) recerved from a dryer 101),
characterized 1n that said system further comprises

at least one ultrasound device (301) adapted, during use, to
apply ultrasound to the airborne tlow of fibres (202)

betore the binder solution 1s applied whereby fibre lumps,
il any, 1n the airborne flow of fibres (202) are separated,
or

substantially at the same time that the binder solution 1s

applied whereby fibre lumps, if any, 1n the airborne flow
of fibres (202) are separated and binder droplets are
reduced to a smaller size.

2. A system according to claim 1, characterized in that

said system further comprises said dryer (101) and in that

the dryer (101) 1s adapted

to receive an airrborne flow of wet fibres (105), and to dry
fibres of the airborne tlow of fibres (103) to a moisture
content of 1-20% or 1-10%.

3. A system according to claim 2, characterized in that

the dryer comprises one or more ultrasound generators.

4. A system according to claim 1, characterized 1n that said
system further comprises

a forming station (103) adapted to receive an airborne flow

of fibers (202) and binder droplets (203) after applica-
tion of ultrasound by said at least one ultrasound device
(301) and to produce a fiber mat from said airborne tlow
of fibers (202) and binder droplets (203), and

a hot press (104) adapted to recerve a fiber mat from said

forming station (103) and to produce a fibreboard, such
as a medium density fibreboard or the like, from said
fiber mat.

5. A system according to claim 1, characterized 1n that said
binder solution 1s an aqueous solution and in that said fibres
(202) are lignocellulosic fibres, such as wood fibres or the
like.

6. A system according to claim 1, characterized in that said
ultrasound device (301) comprises:

an outer part (305) and an iner part (306) defiming a

passage (303),

an opening (302), and

a cavity (304) provided in the inner part (306)
where said ultrasound device (301) 1s adapted to receive a
pressurized gas and pass the pressurized gas to said opening,
(302), from which the pressurized gas 1s discharged 1n a jet
towards the cavity (304).

7. A system according to claim 6, characterized 1n that said
pressurized gas 1s 1n a first step cooled to a low temperature,
preferably below 3° C., and dried, and 1n a second step heated
up to a temperature below 100° C., preferably 50-70° C. and
turther dried thereby drying the surface of the fibres (202) and
the binder droplets (203) on the fibre surface.

8. A system according to claim 6, characterized in that

steam 15 used as a part of the pressurized gas to drive the

ultrasonic device (301) and to add moisture and heat to
the fibres as a further means to control the total moisture
content and temperature of the fibre furnish.

9. A system according to claim 1, characterized 1n that

an equal electrostatic potential 1s applied to both the means
(102; 401) for applying a binder solution and to walls of
said system, 1n which the binder 1s applied to the fibres.
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10. A system according to claim 1, characterized in that

a plurality of ultrasonic devices (301) are installed as one or
several rings along walls of a duct (100), where the duct
(100) 1s where the binder solution 1s applied to the air-
borne flow of fibres.

11. A system according to claim 1, characterized 1n that

the at least one ultrasonic device (301) and the means (102;

401) for applying a binder solution are used in combi-
nation with a section of a duct (100) shaped as a venturi
nozzle, where the duct (100) 1s where the binder solution
1s applied to the airborne flow of fibres.

12. A system according to claim 1, characterized 1n that the
means (102; 401) for applying a binder solution comprises at
least one spray nozzle lance which splits droplets of the
binder and 1n that the at least one ultrasonic device (301) are
integrated with the at least one spray nozzle.

13. A system according to claim 1, characterized in that the
at least one ultrasound device (301) and the means (102; 401)
for applying a binder solution are directed 1n the same direc-
tion as a transport air tlow.

14. A system according to claim 1, characterized 1n that the
binder 1s applied in a place 1n a vertically or approximately
vertically oriented body of angular or tubular or conical
shape, where the transport of the fibres take place mainly by
gravity, and where the at least one ultrasound device or at least
a part of the at least one ultrasound device are oriented 1n an
upward angle to meet the fibres falling from a top inlet of
fibres to a fibre outlet at the bottom of the device.

15. A system according to claim 1, characterized 1n that

a number of the ultrasound devices (301) are oriented 1n an

angle to a length axis of the system and a main transport
direction as to create a spiral-shaped flow of the fibres.

16. A system according to claim 1, characterized 1n that the
ultrasound has a sound intensity that i1s selected from the
group consisting of: 100 dB or more, 140 dB or more,
approximately 140-160 dB, and above 160 dB.

17. A method of applying a binder to an airborne flow of
fibres, the method comprising the step of:

applying a binder solution comprising binder droplets

(203) to an airborne flow of fibres (202) received from a

dryer (101),

characterized 1n that said method further comprises the step
of:
applying ultrasound, during use, by at least one ultrasound
device (301) to the airborne tlow of fibres (202)
belfore the binder solution 1s applied whereby fibre lumps,
il any, 1n the airborne flow of fibres (202) are separated,
or
substantially at the same time that the binder solution 1s
applied whereby fibre lumps, if any, 1n the airborne flow
of fibres (202) are separated and binder droplets are
reduced to a smaller size.
18. The method according to claim 17, characterized in that
said method further comprises
recerving an airborne flow of wet fibres (105) 1n said dryer
(101), and
drying fibres of the airborne flow of fibres (105) to a mois-
ture content of 1-20% or 1-10%.
19. A method according to claim 17, characterized in that
said method comprises
receving, 1n a forming station (103), an airborne tlow of
fibers (202) and binder droplets (203) after application
of ultrasound by said at least one ultrasound device (301)
and producing a fiber mat from said airborne flow of

fibers (202) and binder droplets (203), and
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receiving, 1n a hot press (104), a fiber mat from said form-
ing station (103) and producing a fibreboard, such as a
medium density fibreboard or the like, from said fiber
mat.

20. A method according to claim 17, characterized in that
said binder solution 1s an aqueous solution and 1n that said
fibres (202) are lignocellulosic fibres, such as wood fibres or
the like.

21. A method according to claim 17, characterized 1n that
said ultrasound device (301) comprises:

an outer part (305) and an inner part (306) defimng a

passage (303),

an opening (302), and

a cavity (304) provided 1n the 1nner part (306)
where said ultrasound device (301) receives a pressurized gas
and passes the pressurized gas to said opening (302), {from
which the pressurized gas 1s discharged 1n a jet towards the

cavity (304).

22. A method according to claim 21, characterized in that
said pressurized gas 1s 1n a first step cooled to a low tempera-
ture, preferably below 3° C., and dried, and 1n a second step
heated up to a temperature below 100° C., preferably 50-70°
C. thereby drying the surface of the fibres (202) and the binder
droplets (203) on the fibre surface.

23. A method according to claim 21, characterized in that
steam 1s used as a part of the pressurized gas to drive the
ultrasonic device (301) and to add moisture and heat to the
fibres as a further means to control the total moisture content
and temperature of the fibre furnish.

24. A method according to claim 17, characterized in
applying equal electrostatic potential to both means (102;
401) for applying the binder solution and to walls of said
system or device, 1n which the binder 1s applied to the fibres.

25. A method according to claim 17, characterized 1n that a
plurality of ultrasonic devices (301) are installed as one or
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several rings along walls of a duct (100), where the duct (100)
1s where the binder solution 1s applied to the airborne tlow of

fibres.
26. A method according to claim 17, characterized 1n that

the at least one ultrasonic device (301) and means (102; 401)
for applying a binder solution include a section of a duct (100)
shaped as a venturi nozzle, where the duct (100) 1s where the
binder solution 1s applied to the airborne flow of fibres.

27. A method according to claim 17, characterized 1n that
means (102; 401) for applying a binder solution comprises at
least one spray nozzle lance which splits droplets of the
binder and in that the at least one ultrasonic device (301) are
integrated with the at least one spray nozzle.

28. A method according to claim 17, characterized 1n that
the at least one ultrasound device (301) and the means (102;
401) for applying a binder solution are directed in the same
direction as a transport air tlow.

29. A method according to claim 17, characterized 1n that
the method comprises applying binder in a place in a verti-
cally or approximately vertically oriented body of angular or
tubular or conical shape, where the transport of the fibres take
place mainly by gravity, and where the at least one ultrasound
device or atleast a part of the at least one ultrasound device are
oriented 1n an upward angle to meet the fibres falling from a
top 1nlet of fibres to a fibre outlet at the bottom of the device.

30. A method according to claim 17, characterized 1n that a
number of the ultrasound devices (301) are oriented 1n an
angle to a length axis of the method and a main transport
direction as to create a spiral-shaped flow of the fibres.

31. A method according to claim 17, characterized 1n that
the dryer comprises one or more ultrasound generators.

32. A method according to claim 17, characterized 1n that
the ultrasound has a sound intensity that 1s selected from the
group ol: 100 dB or more, 140 dB or more, approximately

140-160 dB, and above 160 dB.
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